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The essential Cdc13 protein is part of the trimeric CST complex that confers genome stability by binding to
and protecting yeast telomeres. In this issue of Structure, Mason and colleagues characterize an OB fold
domain of Cdc13 (named OB2) and propose that homo-dimerization of OB2 is required for proper assembly
of the CST complex and telomere maintenance.DNA ends are recognized by recombina-
tion proteins and elicit a signal for activa-
tion of the DNA damage repair pathway.
Therefore, maintenance of chromosomal
integrity in eukaryotes is dependent on
the assembly of specialized nucleoprotein
structures, telomeres at the ends of the
linear chromosomes. The telomere-asso-
ciated Cdc13 protein is essential for the
maintenance of telomeres in budding
yeast and plays a crucial role in the regu-
lation of the elongation of the telomeres
by telomerase. However, the molecular
mechanisms underlying the multiple func-
tions of Cdc13 have not yet been fully
elucidated.
The Cdc13 protein binds to the single-
stranded telomeric 30 overhang and asso-
ciates with the Stn1 and Ten1 proteins
to form the trimeric Cdc13, Stn1, Ten1
(CST) complex that is critical for proper
telomere capping and also negatively
regulates telomerase access to the DNA
30-end. Accordingly, a CST-like complex
has been shown to be widely conserved
in evolution and is implicated in the regu-
lation of theC strand synthesis in the repli-
cation of telomeres. However, when not
associated to Stn1 and Ten1, Cdc13
performs an apparently opposing func-
tion in the recruitment of telomerase to
facilitate telomere elongation (Pennock
et al., 2001). This is crucial for maintained
cell division, because if unextended,
telomeres will shorten in every cell cycle,
eventually leading to senescence and
cell death.
Cdc13 has some unusual structural
characteristics, as it contains multiple
OB-fold domains, a feature that is shared
by other telomere proteins binding single-
stranded DNA. OB folds are involved
in multiple functions, including nucleic
acid, oligosaccharide, and oligopeptide
binding, and were recently shown tomediate Cdc13 dimerization (Sun et al.,
2011). The secondary structure of a
typical telomere protein OB fold is charac-
terized by a b-b-b-a-b-b pattern, which
forms a partially closed barrel-like struc-
ture with two orthogonally packed anti-
parallel b sheets, a so-called b barrel.
However, OB proteins seem especially
prone to divergent evolution, and the
plasticity in the structure has been a
challenge for their discovery. Recent
research indicates an unexpected and
highly interesting functional versatility of
the OB fold. Thus, solving structures of
additional OB-fold domains and pinpoint-
ing separate molecular functions of the
respective fold is of high relevance to the
telomere biology field and to science in
general.
In this issue of Structure, Mason
et al. (2013) describe the structural and
functional analysis of a region in the
S. cerevisiae Cdc13 protein that was
not previously characterized, localized in
between the recruitment domain and
the DNA-binding domain (Figure 1). The
protein crystal structure revealed an OB
fold (named OB2), which they demon-
strate is involved in homo-dimerization.
This is the fourth OB fold to be discovered
in S. cerevisiae Cdc13, and the previously
determined OB folds have been shown to
function in homo-dimerization (OB1), DNA
binding (OB1 and OB3), and protein
binding (OB1 and OB4) (Hughes et al.,
2000; Qi and Zakian, 2000; Mitchell
et al., 2010; Sun et al., 2011). Mason
et al. (2013) make site-directed mutagen-
esis of residues, indicated by the struc-
ture to be of importance for the establish-
ment of the OB2 protein-protein contacts,
and report the finding that some double
mutants lead to increased telomere length
and decreased viability at elevated tem-
peratures. Moreover, they cause a drasticStructure 21, January 8, 20decrease in the ability of the isolated OB2
to dimerize. This leads to the conclusion
that Cdc13 contains two separate OB
folds that are involved in the homo-dimer-
ization (OB1 and OB2). However, in con-
trast to previous findings on OB1, where
mutations in contacting residues abol-
ished the dimerization of the full-length
protein, disruption of the dimerization
interactions in OB2 does not lead to loss
of the dimerization capacity of the full-
length Cdc13 protein (Sun et al., 2011).
On the other hand, using isothermal titra-
tion calorimetry assays, they show that
the interaction of Cdc13 with Stn1 is
abolished when residues important for
the OB2 dimerization are mutated. Thus,
even though the isolated OB2 peptide
does not bind to Stn1 on its own, the
dimerization of the OB2 domains of two
full-length proteins is necessary for the
establishment of the interaction between
Cdc13 and Stn1. Since Stn1 interaction
has previously been shown to involve
two quite distantly located regions within
Cdc13 (the RD and the CTD), the authors
postulate that the function of OB2 homo-
dimerization is to bring these distant
domains together to form an Stn1 inter-
acting surface.
These data contribute with essential
knowledge on the structure and func-
tion of a Cdc13 domain that was previ-
ously unknown and further our under-
standing of the molecular mechanisms
for telomere regulation. However, since
the separate OB folds contribute with
both distinct and apparently overlapping
functions, solving the structure of the
full-length Cdc13 protein will be neces-
sary for further clarification of the domain
organization and full understanding of
the detailed intricate mechanisms. Sig-
nificantly, these new findings bring up
questions regarding the oligomericity of13 ª2013 Elsevier Ltd All rights reserved 3
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Figure 1. The Domain Organization of S. cerevisiae Cdc13
The multiple and differential functions contributed by the OB fold structures
(OB1–4) are indicated. Both OB1 and OB2 are involved in homo-dimerization,
but in addition, OB1 interacts with the Pol1 subunit of the DNA polymerase a.
OB3 confines the DNA binding domain that mediates the major high affinity
interaction to the single-stranded telomeric 30 overhang, whereas OB1
displays a weak DNA interaction. The recruitment domain (RD) interacts
with Est1 to recruit the telomerase enzyme, while OB4 interacts with Stn1 to
form the CST complex that is essential for telomere end protection and also
negatively regulates telomerase access to the DNA 30 end.
Structure
Previewsthe other subcomponents of
the CST complex. Further-
more, recent data indicate
that Cdc13 contains many
residues that are phos-
phorylated, and significantly,
SUMOylation has been
shown to promote its interac-
tion with Stn1 (Li et al., 2009;
Tseng et al., 2009; Hang
et al., 2011; Wu et al.,
2012). Thus, future studies of
Cdc13 should inevitably in-
clude the investigation of
whether such posttransla-
tional modifications are in-
volved in the regulation of
the dimerization of this spe-cific OB2 domain, thereby providing
a way to regulate the assembly of the
CST complex. Distinct modifications
may provide the cue for conformational
changes, orchestrating the separate roles
of Cdc13 in the essential balancing act
needed for maintaining telomere length
homeostasis.4 Structure 21, January 8, 2013 ª2013 ElseviREFERENCES
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Proteins that bind single-stranded nucleic acids have crucial roles in cells, and structural analyses have
contributed to a better understanding of their functions. In this issue of Structure, Dickey and colleagues
describe several high resolution structures of a single OB-fold bound to different single-stranded DNA
(ssDNA) sequences and reveal a spectacular co-adaptability of the protein/ssDNA interactions.Proteins that bind single-stranded (ss) nu-
cleic acid molecules (ssDNA or ssRNA)
have crucial roles in the three domains
of life: bacteria, archaea, and eukarya.
ssRNA binding proteins are involved at
each step of the mRNA journey in cells.
Some remain bound to the transcribed
RNA until it is degraded, whereas others
transiently bind to RNA at different stages
of specific processes such as processing
(e.g., splicing), nuclear export, and trans-lation (Dreyfuss et al., 2002). Some RNA
binding proteins also function as RNA
chaperones by helping the RNA, which
is initially single-stranded, to form various
secondary or tertiary structures. ssDNA
binding proteins are involved in DNA
metabolism steps that require manipula-
tion of DNA in its single-stranded form.
They are involved in telomere-ends
maintenance, DNA replication, and DNA
recombination and repair (Brodericket al., 2010; Richard et al., 2009). In
most cases, these proteins act by pro-
tecting ssDNA from nucleases, prevent-
ing the formation of secondary structures
and/or promoting the recruitment of addi-
tional factors on targeted ssDNAs.
Several of these factors do not have
redundant functions, and therefore they
need to act on a specific target at a certain
time. In addition to their tightly regulated
production in cells, their specificity of
